INTRODUCTION
Many land managers are interested in maintaining ecological processes and native species in the landscape. One way to do this is through designs to minimize habitat fragmentation resulting from logging and other land uses. In the Rocky Mountains, as elsewhere, clearcut logging in recent decades has reduced the area and patch size of natural forests and raised concern for the viability and conservation of native species (Knight et al. 2000) . A longer term view, however, suggests that human alteration of natural disturbance regimes may have a greater influence on forest patterns than those imposed by logging, resulting in forest patterns today that are much more homogeneous and extensive than those prior to Euro-American settlement. Knowledge of these longer-term dynamics under the influence of natural disturbance and human activities provides a settlement (1890-1950), and recent post-Euro-American settlement , may have influenced vegetation patterns.
METHODS

Study area
The Beaver Creek study area lies on the south slope of the east-west trending Eastern Centennial Mountain Range in Idaho (Fig. 1) within the Targhee National Forest. This area was chosen because an intensive study of patterns of forest stands had been completed for the adjacent Camas Creek watershed, and there was interest in extending that research both geographically and ecologically. Additionally, Targhee National Forest ecologists were aware of a number of communities at risk, including seral aspen, and were motivated to conduct further successional research in the area.
Previously, forest ecologists had developed a classification scheme for habitat and community types of eastern Idaho and western Wyoming that focused on fire frequency, response of dominant tree species to fire, and postfire successional trajectories (Bradley et al. 1992 ). The scheme incorporated environmental characteristics such as topography, soil, climate, and vegetation to derive "fire groups." These groups are helpful for understanding forest dynamics relative to biophysical settings. Four of the groups are well represented within the 16 500-ha study area (see Fig. 1 ). The driest sites at lower elevations (1800-2300 m) are dominated by mountain big sage (Artemisia tridentata ssp. vaseyana var. pauciflora) and Idaho fescue (Festuca idahoensis) communities, and sometimes include very open stands of conifer. These "sagebrush/grassland" sites are on relatively gradual terrain at the base of foothills and are thought to have burned with variable intensity every 10-40 yr during pre-Euro-American times (i.e., before the mid-1800s; Houston 1973, Bridger-Teton National Forest 1997, Caribou National Forest 1997).
Relatively moist habitats (on cooler or moister exposures) at elevations between 1900 and 2400 m in the study area are dominated by Douglas-fir (Pseudotsuga menziesii), lodgepole pine (Pinus contorta), and aspen (Populus tremuloides). In the absence of fire, Douglasfir is the successional climax; hence, we refer to this group as "moist Douglas-fir forest." Historical fire regimes varied widely, affected by topography, weather, stand structure, and fuel loading. Fire frequency was highly variable, with return intervals ranging from 15 to >100 yr. Fire can be stand thinning or stand replacing, affecting the potential dominance by different species.
A third group, "mid-and lower-slope forest," is dominated by lodgepole pine, but subalpine fir (Abies lasiocarpa), Engelmann spruce (Picea engelmannii), and Douglas-fir are also important components of these forests. This group is typified by sites that are warmer and/or drier than those of the previous group. Stands occur between elevations of 2050 to 2500 m in the study area and tend to have dense understory trees and a mix of dead and live overstory trees, creating a strong potential for crown fires during dry weather. Fire return interval has historically varied from tens to hundreds of years.
The "high elevation" group in the study area ranges from 2300 to >2600 m. The group is characterized by subalpine fir, Engelmann spruce, lodgepole pine, and whitebark pine (Pinus albicaulis). These sites have moderate to steep terrain, cold, moist, or wet site conditions, a short growing season, and, consequently, low vegetation productivity. Fire frequency is low, with return intervals of several hundred years, and fires tend to be restricted to individual trees or small groups of trees.
No large wildfires are known to have occurred in the Beaver Creek study area for well over 100 yr. Notes from land line surveys from the 1880s mention evidence of old fires (from around the 1850s), and the few photos existing for that period show old snags. A high degree of uniformity in the current stand age indicates that fires halted abruptly somewhere during the mid1800s, a time coincident with major changes in land use. Prior to that time, an abundance of water and a large source of obsidian in the area attracted very concentrated use by Native Americans (A. Abusaidi and R. Thompson, personal communication; Butler 1978; also many sites are referenced in the Targhee National grazing was decreased to moderate intensity (9100 cow and 4700 sheep AUMs). Today, the area supports 11 400 cow and 1400 sheep AUMs. The earliest documented logging efforts in the study area date back 60 yr, but the level of activity remained minimal for the first 10-20 yr, after which active fire suppression was also introduced. More recently, clearcut and shelterwood logging has occurred, primarily in moist Douglas-fir forest settings. In total, <10% of the study area was logged by 1996.
Model development
We defined 15 successional trajectories for the study area based on climax communities described by Bowerman et al. (1996; Table 1 ). The trajectories were established using several sources, including successional flowcharts in Bradley et al. (1992) , stand exam data from the Targhee National Forest, habitat type descriptions (Steele et al. 1983 ), aerial photographs, historic vegetation maps, local silvicultural expertise, and timber management history. The stand exam data represented a comprehensive inventory conducted to determine site productivity, presence of insects and disease, and stand volume, density, species composition, tree age, and growth rates. The historic vegetation maps were from the Henry's Lake Forest Reserve map collection archived at Targhee National Forest headquarters. The map archive includes a series of three mapping efforts between 1912 and 1920 for the Beaver Creek study area. These maps were generated by field sketching vegetation boundaries on topographic maps. Vegetation categories were very general (i.e., rangeland vs. forest, to indicate potential forage areas for cattle), except for stands where aspen or Douglas-fir composed >60% of the forest cover, in which case specific forest types were described. Timber management history was used to develop alternative trajectories to account for successional effects from tree harvest. For example, stands that had been harvested and subsequently reforested by the Forest Service bypassed the initial grass/forb stage of development. Stands that had received shelterwood cuts had different structure than other stands, with both a reforested understory and mature overstory (e.g., Table 1 , trajectories 2, 4, 9, and 12).
By integrating these information sources, we were able to estimate time intervals associated with each stage within a successional trajectory. Individual stages were defined in terms of tree size class, stand age, forest cover composition, and time interval required for the stage (Table 2) . The trajectories assume an absence of disturbance, except for timber harvest. Since fire is believed to have been absent from the study area during the period modeled, it was not incorporated into our model. Other disturbances, such as grazing, pests, and disease, may have played some role in accelerating or retarding successional rates or in altering successional pathways, but were not addressed in this initial modeling effort. Future model development could incorporate stochastic and probabilistic disturbances to depict alternative projections of past land cover patterns.
We used stand exam records, timber inventory maps, 1:15 840-scale color air photos from 1995, and recent field visits to map the 1996 vegetation cover for the study area, assigning the appropriate successional pathway and stage to each stand. The minimum mapping (Fig. 2) . For every loop of the model, a specified number of years (we used 10) was subtracted from the age of a stand and the successional stage was updated if the existing one was no longer appropriate (for the new stand age). Since nearly all of the successional stages of our trajectories have a duration >10 yr (except for the grass/ forb stage of some trajectories), a 10-yr time-step interval is sufficient for representing each possible stage.
As stands are cycled backwards through their respective trajectories, their ages eventually become zero. In the case of logged stands in the study area, information on stand type, age, and trajectory at the time of harvesting was incorporated into our model, allowing the stands to continue being mapped back in time. For example, a logged stand that is 50 yr of age in 1996 can be modeled back for five time intervals on the current trajectory, then reset to the appropriate trajectory for the stand characteristics that existed at the time of logging. When stand age became zero in mixed stands (aspen and conifer), we assumed that similar mixed components occupied the sites prior to that time, so we maintained these map units in mixed forest types for the duration of the model, though we were no longer able to attribute a stand age to them. Our rationale here was threefold: (1) few sites in this area can be considered "stable" (i.e., nonseral) aspen, (2) all other sites contain species that are seral to conifers, and (3) current seral aspen stands include Douglas-fir trees of several hundred years of age, indicating that both aspen and conifers have long been mixed components of these sites. There was no method for determining the age of sagebrush/grassland, willow, or pure aspen stands for development of the 1996 stand map. Barring the occurrence of major environmental change or disturbance, these stand types have probably occupied the study area for the duration of our modeling period, due to their reproductive strategies. We held these stands constant over time in the model. Were we to modify the model to predict future vegetation cover, then these stands could be altered through processes such as fire, fire exclusion, grazing, and climate change.
We evaluated model output by comparing the predicted vegetation patterns for 1920 with those shown on the historic maps. This was a simple visual assessment. A quantitative assessment was not appropriate, as the spatial and thematic resolutions differed significantly between products. For instance, the historical maps included 195 stands, with a mean mapping unit area of 85 ha, while our model included 735 stands, with a mean mapping unit area of 23 ha. Additionally, no accuracy assessment was available for the historic maps, so the value of a quantitative comparison was unclear. We found that model output for 1920 vegetation cover generally equated well with the vegetation patterns shown on the historical maps. In a couple of cases, the historic maps indicated that our successional trajectories appeared to underestimate how rapidly certain stand types progressed from aspen or grassland/ sagebrush to conifer forest. Accordingly, we made ad-ALISA L. GALLANT ET AL. will be checked for their management histories to determine whether information is available about previous stands; (c) stands that were logged are reset for the age, successional trajectory, and successional stage at the time of cutting; (d) stands for which no additional historic information is available are designated as "unknown cover type" for the remainder of the model time steps; (e) stand information resulting from each time step is output to a file that can be imported by a geographic information system; (f) the program continues looping through the specified number of time steps. The box at the bottom of the figure shows how information for an example stand of trajectory 14 (see Table 2 ) is updated at each 10-yr time step. Note that in 1956 the stand age and tree age are no longer equivalent. This is because the ("natural") stand was assumed to be unoccupied by trees (grass/forb stage) for the first 10 yr following its time of origin. Abbreviations: DF, Douglas-fir; LP, lodgepole pine. justments to the length of time associated with these particular successional stages within their associated trajectories.
Output from the model was imported into a geographic information system (ARC/INFO, Environmental Systems Research Institute, Redlands, California, USA) for mapping and interpreting results, and into additional analytic software for quantifying spatial patterns of stands.
Analyses
Quantifying changes in vegetation composition and structure.-The successional trajectories and their stages presented >100 potential stand designations at each time step. For a meaningful (and interpretable) spatial analysis, it was necessary to aggregate the results into themes. We chose two themes with relevance for management in the Targhee National Forest: cover types and structural characteristics. For "cover types," model output was aggregated into nine classes (Table  3) . When a stand's age cycled back to "0," the stand was considered "undefined." In cases of mixed forests, the stand was maintained as a mixed type even after its age cycled back to zero. These "pre-origin" stands were designated as conifer-dominated mixed stands if they were associated with the moist Douglas-fir forest group, and aspen-dominated mixed stands if they were associated with the mid-and lower-slope forest group (however, as aspen is the seral dominant on many of these sites, this assumption may lead to underestimation of aspen; Steele et al. 1983 ). For "structural types," model output was aggregated into 10 classes: five conifer-dominated classes, three aspen-dominated classes, one class for nonforested stands, and an "undefined" class for when stand age became 0 (Table 3) . The conifer-dominated structural classes recognized ? Definitions: Seedlings, trees < 5 cm in diameter at breast height (dbh); saplings, 5-10 cm dbh; poles, 10-30 cm dbh; mature trees, > 30 cm dbh. typical stand stages, including seedling/sapling, pole, mature, and old growth. Also included was a structural class for the multicanopied conditions resulting from a shelterwood cut. These stands are characterized by an open canopy overstory of mature trees and a lower, denser, canopy layer of younger trees. Three aspendominated structural classes were recognized, including seedling/sapling, young, and mature.
We used the FRAGSTATS (McGarigal and Marks 1995) program to quantify spatial patterns for each time step. Note that while our model tracked "stands" as the minimum mapping unit, FRAGSTATS calculations were based on the patches that resulted from aggregating the stands into cover type or structural classes. We looked at the number, size, and density of patches, and availability of edges for each cover type and structural class. We also looked at the variety of patch types and the degree to which they were intermixed across the study area.
Stratifying by biophysical settings to interpret vegetation change.-The extent of our study area was fairly arbitrary, related to Targhee National Forest boundaries, drainage basin topography, adjacency to previously studied area, and conservation concerns. Thus, we expected the study area to encompass sufficient environmental variability to make it difficult to detect and interpret trends in vegetation patterns. To help account for environmental variability, we stratified the study area by the biophysical settings describe earlier, and interpreted the cover type and structural class patterns within each biophysical group (see Fig. 1 ).
Determining the potential effects of management on landscape pattern.-We considered the influence of management by analyzing cover type and structural class patterns that existed or were projected to exist at the close of three periods: (1) Pp, pre-Euro-American settlement (before 1890), representing the period prior to fire suppression, livestock grazing, and timber har- , where moderate grazing of livestock and active suppression efforts excluded wildfires, and timber harvest introduced a new means of disturbance. We also focused on the abundance, size, shape, and location of young structural patches at the end of Pp and PR to assess how these aspects of young seral stands may have changed over time. Patches having young stand structure at the end of Pp were assumed to represent wildfire origin unless they occurred in high elevation settings, where they were assumed to result from encroachment. Young patches at the end of PR were categorized as originating from logging or encroachment (those not resulting from logging were assumed to be the result of encroachment by conifers from adjacent areas). Boxplots (McGill et al. 1978 ) were constructed to compare abundance and size of patches and FRAGS-TATS was used to analyze the shape complexity of the patches.
RESULTS
Changes in vegetation cover type and structure
Eighty-five percent of the study area had stands whose age exceeded 100 yr (10 time steps); 73% of the area had stands whose age exceeded 140 yr (the entire period modeled). Thus, the 1996 stands held much information about past vegetation composition. The most striking landscape changes projected by the model were a major shift from the prevalence of aspendominated patches in the past to conifer-dominated patches in the present (Figs. 3 and 4) , and a corresponding shift from younger to mature structural classes (Fig. 5) . In the mid-1800s, more than one-third of the landscape was projected to have been dominated Very few young structural patches of conifer (609 ha; Fig. 7) , and none of aspen, can be found in the landscape by 1996, as young stand structure by then has been limited to areas that were logged and reforested (a small portion of the study area) or that were previously unforested and are undergoing encroachment by trees (high elevation sites or dry, sagebrush/ grassland sites). In the mid-1800s, our model indicates that 65% of the landscape was dominated by young conifers (seedlings and saplings), while young stands now only represent -8% of coniferous forest landscape.
Stratifying by biophysical class to interpret vegetation change
A temporal comparison of conifer patches at the landscape level indicates that there have likely been numerous small patches (-10 ha) throughout the period modeled. Little change is projected to have occurred in the size distribution of conifer patches, except for an increase in the number of small patches from the mid-1800s to the early 1900s, and the coalescence of some patches into a few large patches (Fig. 8 , see column for "Entire study area"). We stratified the conifer patches by biophysical group to see if this helped in interpreting where such changes had occurred in the landscape. This indicated that few presettlement co- through time, though there has been an increase in the latter half of the 1900s in the number of patches across all size classes (see Fig. 8 column for "moist Douglasfir forests"). Conversely, the number of conifer patches in the mid-and lower-elevation forest sites has decreased from past to present; however, this is because the sizes of patches have increased due to coalescence. Coniferous patches at high elevation sites have remained about the same in size and number over the 140 yr modeled, due to very slow growth rates at these sites.
The size and number of aspen-dominated patches have decreased considerably through time (Fig. 9 , see column for "Entire study area"). Additionally, aspendominated patches have only occurred in two of the biophysical groups, with reduction in numbers and sizes of patches occurring in both groups. In the midand lower-elevation forest sites, model output indicated a dramatic decrease in relative abundance, from 83% estimated coverage in 1856 to <5% by 1996.
Young conifer'patches have decreased in number (from past to present) across the landscape (Fig. 10 , column for "Entire study area"), occupying an estimated 12% in 1856, to <4% by 1996. Such stands have completely disappeared from mid-and lower-elevation forest sites (see Fig. 10 ). Young stands nearly disappeared from the moist Douglas-fir forest sites until reforestation, following timber harvesting in the latter half of the 1900s, reintroduced a few young patches. Young stands in the sagebrush/grassland and high elevation settings all appear to be sites that have undergone encroachment by trees (as no stand-replacing disturbances are known to have occurred during the period modeled). The spatiotemporal distribution of mature conifer stands shows an increase in the number and size of patches over time (past to present) across the entire landscape and within all biophysical classes (Fig. 11) ; however, the distributions differ among classes. Relative abundance of mature conifer patches modeled for moist Douglas-fir forest and mid-and lower-elevation forest sites for 1856 was 3% and 6%, respectively, while relative abundance measured for 1996 was 70% and 57%, respectively. Sagebrush/grassland sites, which appear historically to have supported only young stands (presumably controlled by frequent wildfires), now include numerous patches of mature conifer (see Fig. 11 , column for "Sagebrush/grassland"), though these cover only 7% of the area. Mature conifer stands now cover 70% of the area in high elevation sites.
Determining the potential effects of management on landscape pattern Pattern metrics for vegetation cover classes across the entire study area are similar for the three management periods (Table 4, tern between PE and PR are also indicated by the decrease in the largest patch index, from 20% to 12%, as a result of timber harvest.
In the mid-and lower-elevation forest stands, patch density was more than twice that measured for the entire study area during Pp, but was reduced to nearly comparable levels by PR (see Table 4 ). Edge density for these sites notably decreased after fire suppression was introduced, but has remained substantially higher than that measured for the study area as a whole. The effects of fire suppression are also obvious in changes to the largest patch index, which jumped from <10% during Pp, to 40-50% during PE and PR, due to patch coalescence.
At the landscape level, analyses of structural class patches are a little more revealing of change over time than are vegetation cover type classes. Changes in structural class patches from pre-to postfire suppression periods are relatively larger than changes from pre-to postlogging periods (Table 5 ). The study area experienced a decrease in patch density and in patch edge over time, but no change in the size of the largest patch or the complexity of patch shapes. Interspersion among patch types increased slightly. Metrics calculated for the landscape as a whole, however, are not mirrored by those within biophysical classes. For examples, while moist Douglas-fir forests have also experienced a decrease in patch density and edge density over time, the overall densities were notably higher than those summarized for the entire landscape, and there has been an increase in patch shape complexity. As coniferous patches matured and coalesced during the fire suppression years of PE, the largest patch size increased to cover 18% of the area. The introduction of timber harvesting in PR, resulting in reintroduction of young structural stands within the matrix of mature stands, decreased the size of the largest patch to 12% of the area. Subalpine forest stands have exhibited a small decrease in patch density through time, though density was always greater than that measured landscape-wide. Edge density fluctuated, and was more similar to that measured for the moist Douglas-fir forests than summarized landscape-wide. The coalescence of patches into large, continuous areas of mature conifer during the fire suppression years of PE resulted in a major decrease in edge availability in the subalpine forest class. Timber harvesting within the larger patches during PR caused an increase in edges, which was offset by the coalescence of adjacent maturing stands; therefore, largest patch index values for PE and PR are similar. Interspersion of patch types for structural classes increased from pre-to postfire suppression management periods. This may be a function of the number of structural classes occurring in the landscape; if there are fewer classes, it is easier to intersperse them equally than if there are a greater number of classes. In this biophysical group, there are fewer structural classes in PE and PR than in Pp (due to loss of seedling/sapling structural stands).
We compared the total area, size, number, and location of young structural class patches at the end of Pp with those at the end of PR (i.e., from the 1996 stand map). Young patches in the earlier period accounted for -25% of the study area, with 10% of the patches attributable to aspen stands and 90% attributable to conifers. Young patches at the close of PR covered 8% of the study area and all were coniferous. Because of the lack of fires, young patches in the sagebrush/grassland and high elevation biophysical sites at the close of PR must have formed from encroachment of trees, while those in the moist Douglasfir forest and mid-and lower-elevation forest sites arose from logging. We made similar assumptions about the origins of young stands in Pp, except we substituted fire for logging. We generated boxplots to compare sizes of the young patches in Pp and PR (Fig. 12) . These indicate much similarity in size distribution for young patches resulting from encroachment, but much difference in sizes for those resulting from disturbance (i.e., fire in Pp and logging in PR). Approximately 40% of the young patches representing encroachment in Pp occurred at the timberline sites. Over time, there was less area available for tree colonization at these sites, and this is reflected in PR, where only one fourth of the encroachment occurred at the higher elevations.
Patches that we assumed were formed from fire were generally larger and covered a wider range in sizes than patches formed from timber harvest. Although the number of patches created from disturbance (45 from Pp and 37 from PR) is not greatly disparate between the two management periods, the area covered is a fivefold difference. Young patches derived from disturbance represented about half of the total area of young stands in Pp, but only one-third of the total area of young stands today.
DISCUSSION
Review of results
We used 1996 data on vegetation characteristics within a study area and extensive information on stand succession to construct a deterministic model that would map the vegetation cover back through time at 10-yr intervals. Because the age of forest stands in 1996 was known (and exceeded the period modeled for 73% of the study area), as was fire history (i.e., no fires) and logging history, we felt confident that projecting the stands back through their respective successional trajectories would provide a plausible picture of change in the area.
Model output revealed that the primary forest dynamic in the study area is not fragmentation of conifer forest by logging, but the transition from a fire-driven mosaic of grassland and shrubland, broadleaf forests, and coniferous forests to a conifer-dominated landscape. Model output showed 15% of the area dominated by conifer forest in 1856, increasing to 51% by 1996. t See definition in Table 4 footnotes. In the sagebrush/grassland sites, the primary trajectory of change was toward encroachment by conifers. Change in the moist Douglas-fir forest and mid-and lower-elevation forest sites was from aspen-to coniferdominated stands. Aspen is dependent upon fire in these biophysical settings. It proliferates through suckering following fire and dominates until outcompeted by Douglas-fir and other conifers later in succession (Bradley et al. 1992 ).
This variation across biophysical settings is consistent with our understanding of the environmental tol-erances of the dominant plant species. The cold temperatures and heavy precipitation of the high elevation sites favor coniferous over broadleaf trees or other life forms. Fire is highly infrequent and usually limited to single trees. Fire suppression likely did not play a significant role in succession on these sites. Similarly, aspen and willow communities in riparian zones changed little because these are truly wetland or very moist sites, and their wet soils exceed the tolerances of conifers and the moisture limits fire. The climate and soils of the moist Douglas-fir forest and mid-and lower-elevation forest sites, in contrast, are within the tolerances of both deciduous and evergreen species. Both can occur here, and species presence is a result of the interplay between disturbance and competition. Fire favors aspen, but in time conifers take over. Sagebrush/grassland settings are also maintained by fire, as well as by high interannual variability in precipitation. Historically, trees that occurred in these settings were widely spaced, due to low seedling survival because of intense understory competition and frequent ground fires (Belsky and Blumenthal 1995) . In the absence of fire, shrubs eventually dominate these systems because of a greater efficiency at water extraction and usage. Over time, shrub density increases, aided by livestock preference for herbaceous species, and offers a protective environment for the establishment of tree seedlings by sheltering them from livestock damage, providing shade, trapping snow, and collecting summer rainfall (USDA Forest Service 1995).
Following Euro-American settlement, the natural disturbance mechanism of fire was replaced by logging. Since then, the total area logged has been much less extensive than the burned areas of the past, and has been confined to the moist Douglas-fir forest and midand lower-elevation forest biophysical classes. Even within these classes, the area in seedling-and saplingaged stands may now be only about one-third of what it was before Euro-American settlement. While logging can mimic fire in terms of creating canopy openings, selectively cut stands favor dominance by fire-and pest-sensitive species (Belsky and Blumenthal 1995), and clearcut sites are often planted with conifers within a year of harvest, eliminating the natural establishment of early seral species. Where forest openings are created, aspen may be unable to recover because of the difficulty in sending out suckers in areas where soil has been compacted by logging (Schier et al. 1985) . In the past, even-aged silvicultural systems that yielded even-aged stands were often employed. Wildfire, however, often yielded a mosaic of age classes. Logged sites in the Rocky Mountains, in addition to fostering even-aged stands, have tended to be more uniform in size and more geometric in shape relative to burned sites. This has created a more consistent texture in patch sizes and ages throughout the mountains than would have resulted from wildfire, and might have implications for the spread of disturbance (such as from Ecological consequences and management implications Fires increase the diversity of plant species composition and age structure across the landscape. This is manifested in the spatial (geographic) patterning and grain size of different community types. Within stands, fire can create more variation in the canopy structure, which provides more variety in microhabitats available for plants and animals. The biological heterogeneity that is created and maintained by wildfire affects the severity and magnitude of future wildfires. Periodic fires maintain younger seral species, which are more resistant to fire. Periodic fires also keep duff and litter accumulation in check, such that future fires are likely to be lesser in extent and severity. With prolonged absence of fire, vegetation cover becomes more uniformly composed of fire-sensitive, pest-susceptible species, and the added duff and litter accumulation almost ensure that any future fire will be stand-replacing and extensive, such as with the 1988 Yellowstone fires and a number of large Rocky Mountains wildfires of 2000. These larger disturbed areas then effect a new grain size on the landscape, making it potentially easier for disturbances to spread in the future. This is particularly important when we consider that climate is becoming warmer and forest growth rates appear to be increasing in the Rocky Mountains. So, the rate at which the landscape can become covered by mature coniferous forests may be more rapid in the future, if the practice of fire suppression continues. With the trend towards more ubiquitous cover by mature conifer stands, the natural distinctions in vegetation patterns associated with different biophysical settings are harder to discern. If there is interest in regaining a degree of landscape heterogeneity more comparable with the past, then management goals could be determined based on biophysical classes in order to better mimic the landscape patterns resulting from natural cycles of disturbance and succession. Like much of the greater Yellowstone ecosystem, the Beaver Creek study area is currently dominated by 120-yr-old coniferous stands and a notable loss of seral aspen. The study area is most similar to Douglas-fir ecosystems of the northern and western portions of the greater Yellowstone ecosystem. For these similar systems, aspen could be restored and stand density of conifers could be reduced through prescribed fire or mechanical removal. Fire might be needed to reduce duff buildup and improve soil quality through nutrient cycling in order to promote the growth of understory herbaceous species and to create standing and downed dead trees for wildlife. Since successful regeneration of aspen depends on availability of viable rootstock, stands that currently include live aspen in the overstory might be targeted first. In the sagebrush/grassland settings, tree encroachment could be halted or reversed by use of prescribed fire or mechanical removal. Fire would have the added advantage of nutrient cycling and reduction of shrub dominance so that growth by herbaceous species would be improved. Human management has probably had the least impact on plant succession at the high elevation sites, and these stands might be targeted for monitoring of tree growth rates, since warmer and more moist conditions have been predicted for the future (Bartlein et al. 1997 ).
The conversions of cover type and age structure of stands has also undoubtedly affected hydrologic and nutrient cycles. Over the course of a year, water consumption by grasslands is less than by aspens (on comparable sites), which is considerably less than by conifers (Jaynes 1978) . In terms of delivery of water to streams, this can have important ramifications. There is greater snow accumulation under aspens, and more sublimation and evaporation of precipitation in evergreen stands. While we did not quantify effects on hydrology, the shift towards coniferous forest occurring throughout the Rocky Mountains has probably had large effects on rates of evapotranspiration, evaporation, and runoff.
Litter from aspen breaks down rapidly and improves soil fertility (Fowells 1965 ) and moisture holding capacity, encouraging undergrowth of herbaceous species (Jones and DeByle 1985b). Conifer foliage has much less nutrient content, and decomposition of litterfall and coarse woody debris from conifers is a very slow process. Soils under conifers become progressively more acidic and less nutrient rich with time. Regardless of forest type, though, forage production declines in aging stands (Kuck 1984) , as soil nutrient availability decreases and reduced light penetration (through the canopy) persists. So, with a shift towards mature coniferous forests throughout the Rocky Mountains, we might expect a corresponding shift towards increased build-up of duff, increased soil acidity, reduced soil nutrient availability and reduced forage quality throughout the region.
Model assumptions and limitations
The model relied on successional trajectories, which we developed from dendrochronological data and inferences about chronosequences. A strength of this approach is that the data exist, provided directly by field observations of forest stands, and they can be applied for modeling large areas. The rules are easy to modify and the model can be expanded to incorporate new components, such as disturbance (e.g., fire, logging, pest infestation).
Certain limiting assumptions implicit in our model were associated with characteristics of the Beaver Creek study database. For example, the minimum modeling unit was the 1996 stand boundaries, as all field data were collected at the stand level. Thus, stand boundaries were locked into the model. Another limitation of the data is that the recorded stand age is an approximation of the mean age of the dominant overstory trees. Thus, the stand ages may be more indicative of the ages of trees that have filled in stand gaps as older trees have died out. Also our model does not attempt to address effects from pests, which are known to have been a significant factor in forest stands in the Targhee National Forest at various periods in the past. Forest pests can accelerate or retard the rate of succession because of their preferential effect on tree species. Additionally, our model lacks a mechanism for changing trajectories except in cases where logging has occurred. Some stands that currently exhibit a dense overstory may have had sparser overstories in the past. Dense overstories may alter the local environment sufficiently to change a successional trajectory. So, while our model can provide a plausible picture of past vegetation cover by explicitly addressing timber harvest and implicitly addressing fire exclusion, incorporating effects from pests and grazing would yield alternative pictures of the past landscape. Finally, we chose to interpret the model results from the standpoints of veg-etation cover types and structural classes. The results could also be reanalyzed from other thematic perspectives.
Conclusions
Modeling and analysis of spatiotemporal changes in vegetation patterns in the East Beaver Creek study area revealed results that are consistent with findings throughout the Rocky Mountains, namely that forest dynamics have shifted from a fire-driven mosaic of cover types and ages to an uninterrupted mature, conifer-dominated landscape. Logging has replaced the natural disturbance mechanism of fire for reintroduction of young stands into the landscape, but the total area, patch size, location, and cover types that are logged do not mimic the vegetation derived from wildfire. This is because, depending upon which species are removed, late seral species may be favored by logging, while wildfire favors early seral species. Reforestation following logging can also eliminate early seral stand types from the successional sequence when species are planted or naturally regenerated that are not early seral species. The net effect is that habitats and processes valuable to many species are not periodically reintroduced.
Stratification of model results by biophysical groups
helped us compare how vegetation dynamics and effects from management practices differed among groups and with the landscape as a whole. This type of stratification can provide structure for designing management objectives that are consistent with our understanding of the environmental tolerances of dominant plant species. However, the increasing homogeneity in vegetation cover brought about by more than one hundred years of fire exclusion in these systems has blurred the distinction of vegetation patterns associated with different biophysical settings. The resulting change to a coarser grain of vegetation pattern across the landscape may linger, as disturbances from future fire or pest infestation are also likely to be more areally extensive than in the past. Additionally, as the climate becomes warmer, the potential exists for a more rapid rate for vegetation cover to become more homogenized, should fire exclusion continue.
